ABSTRACT Two assays were conducted to evaluate nutritive value of canola meal (CM) fed to broiler chicks without or with a multi-carbohydrase (MC) preparation (700 U α-galactosidase, 2,200 U galactomannanase, 30,000 U xylanase, and 22,000 U β-glucanase per kg of diet) and phytase (Phy, 500 FTU per kg of diet). Assay 1 determined apparent total tract digestibility (ATTD) of nutrients and metabolizable energy (AME) by the difference method. Assay 2 determined apparent ileal digestibility (AID) and standardized ileal digestibility (SID) of amino acids by the index method. Two reference diets (RD) -an 85% corn based and a 5% casein-cornstarch diet fortified with vitamins and minerals -were made for assays 1 and 2, respectively. For each assay, the test diets were made by mixing RD and CM 7:3 wt/wt basis and fed without or with MC or Phy or combination. A total of 245 day-old male broilers (Cobb 500) was allocated to 5 treatments to give 7 replicates (7 birds/cage). The birds were fed a commercial diet from day zero to 10 followed by assay 1 fed from d 11 to 18 and assay 2 fed from d 19 to 21. Excreta samples were collected on d 15 to18, and all birds were slaughtered on d 21 for ileal digesta. There was an interaction (P < 0.05) between MC and Phy on ATTD of DM, N, and P. There was no interaction (P > 0.05) between MC and Phy on AMEn; however, MC and Phy individually improved AMEn retention. Enzymes interacted (P < 0.05) on SID of Arg, His, Leu, Met, Thr, Ala, Asp, Gln, and Gly. In this context, feeding a combination of MC and Phy resulted in higher (P < 0.05) SID of Arg, His, Met, and Thr relative to single activity or control. Both enzymes improved (P < 0.05) SID of Lys independently. The combination of carbohydrase and Phy may be an effective strategy to improve amino acid utilization in CM for poultry.
INTRODUCTION
Corn grain is the most commonly used energy source, whereas soybean meal is the most common amino acids source. However, due to high and unpredictable prices of these ingredients, alternative feedstuffs could be a strategy in feed formulation for commercial broiler production (Cowieson and Bedford, 2009; Kiarie and Nyachoti, 2009 ). Canola is a term developed in Canada to delineate from rapeseed Brassica species having less than 2% erucic acid in the seeds and 30 μmol·g −1 glucosinolates or less in the meal after oil extraction (Canola Council of Canada, 2009) . In Brazil, different dietary energy sources have been studied for poultry and pigs; however, plant protein alternatives have been less studied, and data for their nutritive value are limited. The possibility of using canola meal (CM) in feeds for pigs and poultry will reduce the dependence on soybean meal as a protein source. This could bring feed cost down and make Brazilian poultry products more competitive in local and international markets.
The CM is rich in sulphur amino acids; however, CM contains more crude fiber and less metabolizable energy than soybean meal (NRC, 1994) . Some of the anti-nutritional factors in CM are glucosinolates, sinapine, phytate, tannins, complex carbohydrates, and electrolytes (Khajali and Slominski, 2012) . CM contains 4 to 6% phytate (Al-Asheh and Duvnjak, 1995) , which (binds to) complexes minerals and proteins (Cowieson and Ravindran, 2007) . The fiber content of CM includes lignin with associated polyphenols, cellulose, and nonstarch polysaccharides (NSP) (Slominski and Campbell, 1990) . Among the NSP, besides arabinoxylans and beta-glucans, arabinogalactans, galactans, galactomannans, mannans, and pectic polysaccharides are prominent (Slominski, 2011; Khajali and Slominski, 2012) .
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The presence of dietary NSP, which are indigestible by monogastric animals, results in a reduction in nutrient utilization . NSP increase intestinal viscosity and decrease the interaction between enzymes and substrates as well as nutrients and the absorptive structures, resulting in a depression in net absorption of nutrients (Bedford and Classen, 1992) , in addition to causing digestive problems in birds (Slominski, 2011; Kiarie et al., 2014) .
Substrates in feedstuffs are not isolated entities, but exist as complexes with various linkages to protein, fat, fiber, and other complex carbohydrates (Bedford and Schulze, 1998) . Additives as fiber degrading enzymes and phytase (Phy) have potential to improve the nutritive value of feedstuffs (Slominski, 2011; Ravindran, 2013; Kiarie et al., 2014; Kiarie et al., 2016) . For example, if xylanase and Phy are included in the same diet, the former hydrolyzes the NSP, thus providing better access for the latter to reduce the interaction of phytate with protein and starch molecules, as well as reducing binding of elemental phosphorus (Zijlstra et al., 2010) . Previous studies have demonstrated synergic and additive effects of Phy and xylanase on nutrient digestibility in pigs (Kim et al., 2008; Kiarie et al., 2010) and broilers (Jozefiak et al., 2010; Kiarie et al., 2014) , but others have pinpointed that beneficial effects originate mainly from Phy alone (Olukosi et al., 2007) .
Therefore, inconsistences in these findings warrant further investigations using multi-carbohydrase complex (MC) and Phy. We hypothesized that the simultaneous supplementation of MC and Phy could improve nutrient and energy utilization in broiler chicks fed CM. In addition, liver and pancreas weights would be influenced by the supplemental exogenous enzyme, due to the degradation of fiber and phytate. Thus, the objective was to evaluate the effects of MC and Phy on apparent total tract digestibility (ATTD) of nutrients, apparent metabolizable energy (AME), apparent ileal digestibility (AID), and standardized ileal digestibility (SID) of amino acids content in CM fed to broiler chicks. The effects of these additives on liver and pancreas were also evaluated as a secondary objective.
MATERIAL AND METHODS
All research methods and experimental procedures were approved by the ethics and animal experimentation committee at the University of Sao Paulo (project 2843/2012), Brazil, and were followed according to animal welfare.
Canola Meal and Enzymes
The CM (Brassica napus var. oleifera) sample used in the current study was obtained from Celena plant, (Porto Alegre, Brazil). The meal was from a conventional extraction method involving pre-pressing One unit of α-galactosidase was defined as the quantity of the enzyme that liberates one μmol p-nitrophenol per min. One unit of galactomannanase was defined as the quantity of the enzyme that decreases to half the initial viscosity of galactomannan per minute. One unit of xylanase was defined as the amount of the enzyme that generated one μmol of the xylose from xylan per min at pH 5.5 and 50
• C, and one β-glucanase unit was defined as the amount of the enzyme that generated one μmol of the reducing sugar glucose from β-glucan per min at pH 4.8 and 50
• C. One Phy unit (FTU) was defined as the quantity of enzyme required to liberate one mmol inorganic phosphate per min, at pH range 1.5 to 6.5, from an excess of 15 mM-sodium phytate at 37
• C. The maximum activity was defined at pH 4.5.
Animals and Management
Two hundred-forty-five day-old male broiler chicks (Cobb 500) were procured from a commercial hatchery and allocated to 5 treatments in a completely randomized design; each treatment had 7 replicate cages of 7 birds per cage. Birds were kept in metabolic cages (1.0 m × 0.4 m) in a controlled environment for 21 days. The cages were housed in an environmentally controlled room with 24 h fluorescent lighting. Room temperature was maintained at 32
• C during the first wk, with a weekly reduction of 3
• C until reaching a temperature of 26
• C. Each metabolic cage was equipped with a feeder and a nipple drinker for birds for ad libitum access to feed and water. Birds were vaccinated in the hatchery against avian infectious bronchitis, Newcastle disease, and infectious bursal disease, and mortality was recorded on daily basis.
Diets, Experimentation, and Sample Collection
Two trials were conducted in a randomized complete design in a 2 × 2 factorial arrangement of treatments to evaluate the effects of 2 levels of MC (zero or 200 mg/kg) and 2 levels of Phy (zero or 50 mg/kg) on CM digestibility in broiler chicks. In addition, in each trial was formulated a reference diet (RD, Table 2 ). The test diets were made by mixing RD and CM 7:3 wt/wt basis. Based on this, in each trial, 5 experimental diets were developed.
Broilers were fed a commercial starter corn-soybeanmeal-based diet for 10 d and subsequently were introduced to the experimental diets. The objective of trial 1 was to measure ATTD of nutrients and AME and AMEn retention of CM, using a corn-based diet in birds from d 11 to d 18, considering 4 d adaptation and grab samples of excreta collected 2 times daily (0830 and 1730 h) for 4 consecutive d (d 15 to 18). At the end of excreta collection, the samples were thawed at ambient temperature and homogenized, and the sub-samples were packed in plastic containers and stored in a freezer until analysis.
For measuring AID and SID of AA in trial 2 from d 19 to d 21, a 5% casein-cornstarch diet was used for the calculation of amino acid flows. Chromium oxide III (Cr 2 O 3 , 0.3%) was added as an indigestible marker. After 3 d adaptation (Moran, 1984) , all birds were weighed and killed by cervical dislocation and the abdominal cavity opened immediately to expose the digestive tract. An ileum terminal segment of 10 cm was sectioned 2 cm proximal to the ileocecal junction to access ileal digesta. The ileal samples were frozen and stored at −20
• C until processed. The pancreas and liver were surgically removed and weighed using an electric balance (Model BL-3200H, Shimadzu Corporation, Tokyo, Japan) and expressed in relative weight (%) of body weight. 3 Contained 20% Ca, 18.5% P. 4 Vitamin-mineral premix contained per kilogram of premix: vitamin A, 1,750,000 IU; vitamin D3, 550,000 IU; vitamin E, 2,750 IU; vitamin K, 400 mg; vitamin B1, 500 mg; vitamin B2, 1,250 mg; vitamin B6, 750 mg; vitamin B12, 3,000 mcg; niacin, 8,750 mg; pantothenic acid, 3,250 mg; folic acid, 200 mg; choline, 82.01 g; Fe, 12.50 g; Mn, 17.50 g; Zn, 12.50 g; Cu, 24.95 g; I, 300 mg; Se, 50 mg; Monensin 25 g; Halquinol (5, 7-dichloro-quinolin-8-ol) 7,500 mg.
5 Kaolin = mineral kaolinite (used as inert to adjust the formulation).
Sample Preparations and Chemical Analysis
Excreta and ileal samples were freeze-dried for 72 h at −40
• C (LH 0401, Terroni, Sao Carlos, Brazil). Before analyses, the diets, CM, excreta, and ileal digesta samples were finely ground by an analytic mill processing to pass through a 2 mm screen (A11 Basic, IKA, Shanghai, China). Standard Association of Official Analytical Chemists (AOAC, 2005) procedures were used for determination of dry matter (DM, method 930.15), ash (method 942.05), gross energy (GE), nitrogen (N, method 990.03), total phosphorus (P, method 946.06), calcium (Ca, method 978.02), and neutral detergent fiber (NDF, Goering and Van Soest, 1970) . Assay 2 diets and ileal digesta samples were further analyzed for amino acids content (method 994.12). The GE content was measured by a bomb calorimeter (IKA C5000, Karnataka, India) using benzoic acid as the internal standard. After processing samples in a muffle furnace for 8 h at 550
• C, the samples were analyzed for ash, Ca, and P. The Ca content was determined using inductively coupled plasma optical emission spectrometry (Model 710 ICP-OES, Agilent Technologies, Santa Clara, California). The concentration of total P was measured by spectrophotometry (Model Cary 60 UV-Vis, Agilent Technologies, California). Chromium concentration in the diet and ileal digesta were determined using an inductively coupled plasma optical emission spectrometry (Model 710 ICP-OES, Agilent Technologies, Santa Clara, California). The N contents were analyzed in a nitrogen distiller (Model TE-036/1, Tecnal, Piracicaba, Brazil) using the Kjeldahl method. For amino acids, a 100 mg sample was hydrolyzed with 6 M HCl at 110
• C for 24 h, followed by neutralization with 4 mL of 25% (wt/vol) NaOH and cooled to room temperature. The mixture was then equalized to 50 mL volume with sodium citrate buffer (pH 2.2) and analyzed using an amino acid analyzer (1260 Infinity LCs, Agilent Technologies, Santa Clara, California). Cyst(e)ine and methionine were analyzed as cysteic acid and methionine sulphone by oxidation with performic acid for 16 h at 0
• C and neutralization with hydrobromic acid prior to hydrolysis. Cysteine was expressed as cystine. Tryptophan was not analyzed.
CALCULATIONS
The ATTD of nutrients was calculated as described by Nyachoti et al. (1997) using the following equations:
where NI is the nutrient intake (g), and NOexcreta is the nutrient output in excreta (g).
The ATTD of nutrients in CM was determined by the difference method (Fan and Sauer, 1995) , with the corn-based diet as the basal diet, using the following equation:
where DA is the digestibility of a nutrient (%) in an assay feedstuff (CM), DD is the digestibility of a nutrient (%) in the CM-based diet, DB is the digestibility of a nutrient (%) in the corn-based diet, DJ is the contribution of a nutrient (decimal percentage) from corn to the assay diet, and DCM is the contribution of a nutrient (decimal percentage) from CM in the CM-based diet.
The AME content for CM was calculated according the following equation (Woyengo et al., 2010) :
The AMEn content for CM was calculated from AME as described by King et al. (1997) using the following equation:
AMEn (kcal/kg) = AME − (8.22 × ANR) , where ANR = apparent N retained (g/kg of feed intake) .
The AID of amino acids was calculated using formula (Nyachoti et al., 1997) :
where: AA diet and AA digesta are amino acids content (mg/kg of DM) in the diet and digesta, respectively, and Cr 2 O 3diet and Cr 2 O 3digesta are indigestible marker content (mg/kg of DM) in the diet and digesta, respectively.
The AID of amino acids was standardized using the average values for basal endogenous amino acid losses calculated using formula (Nyachoti et al., 1997) :
where AAEL = average endogenous amino acid loss (g/kg of DM).
The SID of amino acids was calculated according to equation below as described by Opapeju et al. (2006) :
Statistical Analyses
The GLM procedure of SAS was used to determine the main effects of, and interaction between, MC and Phy (SAS 2009, version 9.2) . The homogeneity of variances was evaluated by the Hartley test and the normality of residuals by the Shapiro-Wilk test (UNIVARI-ATE procedure). The statistical model used was: X ij = μ + α i + β j + (aβ) ij + e ij, where μ = overall mean, α i = MC effect, β j = Phy effect, (aβ) ij = interaction between MC and Phy, e ij = error contribution with average 0 and variance σ2, i = 1. . . a, and j = 1. . . b. Significance was accepted at P < 0.05. Tukey's Least Significant Difference was used to detect significant differences between means whenever interaction between MC and Phy was observed.
RESULTS
This study was conducted to evaluate the nutritive value of CM fed to broiler chickens without or with a MC and Phy supplementation based on guaranteed activities as suggested by GNC Bioferm Inc., Saskatoon, Saskatchewan, Canada. However, detailed analytical enzyme activities were not confirmed in mixed feeds.
Apparent Total Tract Digestibility/Retention (ATTD) of Nutrients, AMEn
The effects of MC and Phy on ATTD of nutrients and AME retention are shown in Table 3 . There was interaction (P < 0.05) between MC x Phy for ATTD Table 3 . Apparent total tract digestibility (ATTD) of nutrients and apparent metabolizable energy (AME) content in canola meal fed with or without multi-carbohydrase (MC) 1 and phytase (Phy) 2 supplementation to broiler chickens -Assay 1. of DM, N, and P. MC supplementation increased DM digestibility more in the presence of Phy than when there was no Phy supplementation. However, Phy supplementation increased N and P digestibility more in the presence of MC than when there was no MC supplementation. There was no interaction (P > 0.05) of MC and Phy on ATTD of ash, Ca, NDF, AME, or AMEn retention. MC and Phy independently improved (P < 0.05) AMEn, but Phy independently improved (P < 0.05) ATTD of ash and Ca, but only MC supplementation increased (P < 0.05) NDF digestibility.
Apparent and Standardized Ileal Amino Acid Digestibility
Results of AID and SID of amino acids in CM fed to broiler chickens with or without exogenous enzymes are shown in Tables 4 and 5, respectively. The endogenous ileal amino acid losses (g/kg of DM) were determined using the casein diet as follows: Arg, 0.12; His, 0.41; Iso, 0.14; Leu, 0.28; Lys, 0.23; Met, 0.04; Phe, 0.09; Thr, 0.47; Val, 0.28; Ala, 0.22; Asp, 0.38; Cys, 0.04; Gln, 0.35; Gly, 0.03; Pro, 0.21; Ser, 0.42; and Tyr, 0.20 g/kg. Enzyme supplementation increased the AID and SID of all amino acids, except for AID of Pro. Interaction (P < 0.05) between MC and Phy was observed on AID for His, Leu, Lys, Met, Thr, Asp, Gln, Gly, and Ser. There was an interaction (P < 0.05) between MC and Phy on SID of Arg, His, Met, Thr, Ala, Asp, Gln, and Gly. Compared to the control diet, MC and Phy supplementation improved (P < 0.05) the SID of these amino acids by 4. 82, 5.65, 5.81, 8.60, 5.81, 9.98, 5 
Relative Weight of Liver and Pancreas
The relative weight of liver and pancreas are shown in Table 6 . There was no interaction (P > 0.05) of MC and Phy on relative weight of liver or pancreas of birds. The main effects were such that the liver of chicks fed the diets supplemented with MC was heavier (P < 0.05) than for non-MC birds, whereas Phy-fed birds showed lighter (P < 0.05) relative weight of pancreas than nonPhy birds.
DISCUSSION
Several studies (Cowieson and Ravindran, 2007; Woyengo et al., 2010; Karimi et al., 2013) reported that enzyme supplementation in poultry diets has shown positive effects on nutrient digestibility. The increased nutrient digestibility is often associated with degradation of anti-nutrient components in the feed (Jozefiak et al., 2010; Kiarie et al., 2016) . Thus, increased digestibility was linked to total or partial breakdown of the cell wall matrix (Woyengo and Nyachoti, 2011; Kiarie et al., 2014) to release starch, fat, protein, minerals, and phytate (Slominski, 2011) , allowing the access of endogenous enzymes and Phy (Cowieson and Ravindran, 2007; Karimi et al., 2013) and decreasing the intestinal viscosity (Jozefiak et al., 2010; Zijlstra et al., 2010) .
Data for combined supplementation of MC and Phy on the nutritive value of CM for broilers are limited. The interaction of MC and Phy on ATTD of DM, N, and P suggested a possible synergistic response from a combination of these enzymes. The increased ATTD of N by enzyme supplementation when compared to control birds suggest an increase in the degree of protein hydrolysis, thereby increasing the proportion of soluble low-molecular-size proteins, hence making the protein more available for uptake by the chickens (Freitas et al., 2011). Ravindran et al. (1999) observed similar responses with the supplementation of Phy and xylanase in wheat-casein diets fed to broilers. However, Mushtaq et al. (2007) demonstrated that supplementation of CM-containing diets with a combination of β-glucanase and xylanase had no effects on N digestibility. Moreover, Selle et al. (2000) observed that through degradation of phytate, Phy prevented phytate-protein complexes with subsequent increase in N digestibility. Additionally, Cowieson and Ravindran (2007) reported increased N digestibility by Phy supplementation, which was associated with the reduction of endogenous protein flow and N losses. Therefore, the synthesis of endogenous proteins decreases with exogenous enzymes addition, improving overall protein efficiency (Adeola and Cowieson, 2011; Cowieson et al., 2011) . The dephosphorylation of phytate-P complex by Phy supplementation presumably increased ATTD of P. This is perfectly justified due to high P concentration in CM being complexed to phytate, and unavailable to birds without supplemental Phy, as was observed in the diet without Phy in the present study. Thereby, there is greater need for Phy to hydrolyze the phytate and increase P utilization in CM. Woyengo et al. (2010) reported that adding MC and Phy for broilers resulted in increased ileal digestibility of P compared with a nonphytase supplemented control and Phy supplementation alone. Slominski (2011) verified that Phy supplementation improved P digestibility, but a diet with additions of carbohydrase and Phy had higher digestibility for this mineral, compared with the control diet. Amerah et al. (2016) reported that carbohydrase and Phy combination increased mineral digestibility compared to the control diet and individual Phy. Karimi et al. (2013) demonstrated that combined supplementation of carbohydrase and Phy improved the percentage of tibia ash. The authors indicated that this response was associated with increased mineral absorption. However, Olukosi and Adeola (2008) did not find increased P and other nutrients digestibility when xylanase was fed in combination with Phy. Moreover, improvements in Ca digestibility by Phy supplementation was expected because Phy liberates Ca from the Ca-phytate complex. This can be associated with reducing the power complexation of phytate, thus allowing more free Ca to be used by the bird (Selle et al., 2009) . The improvement in use of the protein also can be associated with the increase of the digestibility of the minerals, because the most effective utilization of protein depends on enzymes such as trypsin, chymotrypsin, and pepsin (Graf, 1986) , which in turn require minerals as cofactors (Deshpande and Damodaran 1989) . There was no interaction between MC and Phy on AME and AMEn retention; however, numerically, the results suggested an additive effect from enzyme combination, with more pronounced effect of the MC, which also was observed in the ATTD of DM and NDF. In addition, N digestibility is improved by the addition of MC and Phy, and this also can contribute to an improvement of AMEn retention. reported that a MC cocktail supplementation in a corn-CM diet had a significant effect on ATTD of NSP and energy. However, Mushtaq et al. (2007) demonstrated that supplementation of CM-containing diets with a combination of a β-glucanase and xylanase cocktail had no pronounced effect on energy use. Cowieson and Ravindran (2007) reported increased energy utilization with Phy supplementation, which was associated with the reduction of energy flow and degradation of fibrous complexes. Additionally, it is believed that Phy addition reduces energy for mucin production due to a higher cell turnover caused by phytate present in the diet , promoting a better energy use. The NDF digestibility was affected only by MC supplementation; thus, positive effects from MC addition on NDF digestibility could be associated with specificity to fiber fragments. Therefore, this result suggests carbohydrase supplementation reduces the negative effects of fiber by improving the fiber utilization in CM.
The results from the present study indicate that the amino acid digestibility was improved in the broilers when they were fed CM diets supplemented with exogenous enzymes. This confirms the beneficial effects of enzymes in protein digestion, increasing the absorption of amino acids (Cowieson and Bedford, 2009; Kiarie et al., 2010; Cowieson et al., 2011) . In agreement with our findings, Ravindran et al. (1999) reported synergistic responses of amino acids digestibility with supplementation of Phy and xylanase in wheat-casein diets. However, Selle et al. (2003) observed additive responses of a Phy and xylanase combination on SID for Ala, Asp, Gln, Gly, His, Ile, Phe, Thr, and Val in wheat-based diets.
Phytate negatively interferes with gastric digestion and the concomitant intestinal tract response, i.e., increased pepsin and HCl and mucin production (Peter and Baker, 2001; Cowieson et al., 2011) . Thus, Phy supplementation possibly also was able to reduce the endogenous inputs for protein digestion, which resulted in an improvement in SID of amino acids, principally Thr, Asp, and Gly, which predominate in the endogenous proteins (Taverner et al., 1981; Lien et al. 1997; Ravindran et al., 2004) . Selle et al. (2006) observed greater responses of Phy supplementation on the digestibility of Cys, Thr, Pro, and Gly, and reported that the great part of Phy effects on amino acids is associated with the reduction of endogenous amino acid losses rather than the increase of dietary amino acids digestibility. Kong and Adeola (2011) reported that supplementation of Phy in broilers improved by 3% the digestibility of 18 amino acids in diets containing 38% CM. Zhang et al. (1999) , in studies with adult roosters, reported that added phytase improved digestibility of N and most amino acids in barley, CM, and a barley-CM blend. The magnitude of improvement was greater for Thr, Cys, Lys, Arg, and Ser.
The present study did not aim to evaluate broiler performance, especially under high CM feeding. Bird weights were established to obtain relative weight between organs and body. Despite the positive results for energy retention, differences between the treatments were not sufficient to reflect on final weight of the birds.
There are few studies evaluating exogenous enzyme effects on liver and pancreas weight in broilers. Pancreas weight was affected by Phy alone. This can be associated with the decrease of endogenous secretions (Mahagna et al., 1995) . Levels of trypsin and chymotrypsin free in the small intestine determine the amount of pancreatic secretion; thus, when the trypsin level is very low, the cholecystokinin induces the pancreas to secrete more enzymes (Liddle et al., 1984) . Thus, under normal conditions, using ingredients without anti-nutritional factors, a decrease in hepatic and pancreatic weights (Veldman and Vahl, 1994) was expected as benefits of exogenous enzymes in digestibility. Nevertheless, the addition of enzymes should have led to a decrease in liver and pancreas weight, but this did not happen for liver weight. The benefits of enzymes in nutrients digestibility may possibly increase the availability of anti-nutritional factors favoring its absorption, and glucosinolate would be one of the factors responsible for enlargement of the liver (McNeill et al., 2004; Khajali and Slominski, 2012) . It is possible that the inclusion of high canola (30%) with higher MC increased DM digestibility and AMEn retention, and probably increased the availability of anti-nutritional factors, with greater absorption and reflection of liver size. Some authors recommend limiting the inclusion rate of CM to 10% in broiler diets due adverse effects on production parameters (Khajali and Slominski, 2012; Gopinger et al., 2014) .
In conclusion, both MC and Phy increase the digestibility of canola meal, but their combination may be an additional and effective strategy, especially to improve amino acids digestibility and use in broiler chicks.
